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SECTION I 
INTRODUCTION 


Waa report summarizes wind tunnel test data on various body alone 
configurations which provide a data matrix for bluff and pointed bodies 
of revolution with systematic variations in nose bluffness, nose fineness 
ratio, and cylinder afterbody fineness ratio. Modular model components 
were used to obtain static stability and drag data, with emphasis on the 
effect of nose bluffness on drag. Although data is included for tangent 
ogive noses of fineness ratio 2, 2.25, 2.5, 3.0, and 4, the nose fineness 
ratios of 2, 3 d 4 calibers include a systematic variation in nose bluff- 
ness ratios Ti/R, of 0.00, 0.25, 0.50, and 0.75 on cylindrical midsections 
of 5, 7, 9, and 11 calibers. A 1l-caliber cylindrical afterbody“(Al7) is 
used with all configurations in this pet 


SECTION II 


APPARATUS 


1. Wind Tunnel 


The tests were conducted in the AEDC PWT/1T, and VKF/A continuous 
flow test facilities at the Arnold Engineering Deveiopment Center. The 
(1T) is a 12-inch-square perforated test section. The 40-inch supersonic 
test facility utilizes a solid wall test section. Detailed descriptions of 
the tunnels are given in Reference 1 and typical model installations are 
shown in Figures | and 2. 


2. Test Articles 


The test articles consisted of interchangeable nose, midsection, and 
afterbody configurations: 20 nose configurations, 4 cylindrical midsections 
of fineness ratio ranging from S to 11 and a 1l-caliber cylindrical after- 
body configuration as shown in Figures 3 and 4. Nose fineness varied from 
1 to 4 calibers. Two-, 3- and 4-caliber tangent ogive noses (N14 through 
N25) were truncated and hemispherical nose caps added to provide three 
bluffness variations (Ry/Rp = 0.25, 0.50, 0.75). Grit or other means of 
fixing transition were not used to eliminate the drag increment due to the 
trip and also incremental drag changes resulting from loss of the grit 
during tunnel operations. 


Although only a l-caliber cylindrical afterbody is considered in this 
report, various fin configurations were utilized in previous transonic 
tests (References 2, 3, and 4), which include data for body-cruciform fin 
configurations with noses N10, N13, and N14. Scale effects utilizing a 
larger body-fin configuration in the 4T test facility are shown in Ref- 
erence 5. 


A typical assembly of model components is shown in Figure 4. The 
cylindrical midsections and noses were fabricated from stainless steel 
(type 303) with a 32-microinch surface finish. Model configuration iden- 
tifications are shown in Table 1. 


3. Instrumentation PWT/1T Test Facility 

The internal balance used to measure the model aerodynamic loads in 
the (1T) test facility is shown in Figure 5. Base pressures were measure 
with two differential pressure transducers. Angle of attack measurement: 
were corrected for support system and balance deflections. 


4. Instrumentation VKF/A Test Facility 


Two internal strain gage balances were used to measure the moc 2] 


TABLE 1, MODEL CONFIGURATION IDENTIFICATION 


Mode] Component Nose Bluffness 
Length Ratio R/R 
Model Component (Caliber) NB 


Cylinder 

M7, M9, M11 Cylinder 

Tangent Ogive 
Tangent Ogive 
Tangent Ogive 
Tangent Ogive 
Tangent Ovive 
Tangent Opive 
Tangent Ogive 
Tangent Ogive 
Tangent Ogive 
Tangent Ogive 
Tangent Ugive 
Tangent Ogive 
Tangent Ogive 
Tangent Ogive 
Tangent Ogive 
Tangent Ogive 
Tangent Ogive 
Tangent Ogive 


Power Series ) 


1 
2 
2 
2 
2. 
3 
3 
3 
5 
4 
4 
4 
4 
(Ne 
2: 
(xe 
Z. 
2), 
2h 


Power Series (2) 


| (1) N30 Power Series Nose 

Y = 0.6(X/2.7)9> 

(2) N31 Power Series Nose 
Y = 0.6(x/2.7)9+33 


aerodynamic loads in the VKF/A wind tunnel test facility (Figures 6 ard 7). 
The balance shown in Figure 6 was used in the initial test entry (Part 
Numbers 1 through 247). The balance shown in Figure 7 was used for the 
second test entry (Part Numbers 248 through 338). 


Base pressures were measured with three differential pressure trans- 
ducers and averaged by the use of fast response pressure transducers lo- 
cated near the model which allowed base static pressure data to be obtained 
during a continuous pitch sweep. Several pitch-pause sweeps were compared 
with continuous sweeps to insure that the inherent lag in the base pressure 
orifice and tubing did not degrade the data. 


Angle of attack measurements were corrected for support system and 
balance deflections. Seventy mm Schlieren photographs were obtained for 
most configurations at angle of attack increments of approximately 4 degrees. 
Typical photographs are shown in Figure 8. 


SECTION III 


TEST DESCRIPTION 


1. Test Procedures and Conditions 


During each data run, the model angle of attack was varied while the 
roll angle and Mach number were held constant. 


Static force data were obtained at angles of attack from -6 to +15 
degrees. The transonic tests were conducted at Mach numbers of 0.6, 0.8, 
1.0, 1.2, and 1.5. Nominal test conditions were stagnation temperature 
varied from 150 to 200°F, total pressure varied from 19.3 to 20.7 psia, 
and dynamic pressure varied from 3.82 to 8.85 psia as Mach number varied 
from 0.6 to 1.5, respectively. The supersonic tests were conducted at 
Mach numbers of 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, and 4.5 with the major por- 
tions of the data at Mach numbers 1.5, 2.0, 3.0, and 4.0. Nominal test 
conditions were stagnation temperature 120°F, total pressure varied from 
6.5 to 28.0 psia, and dynamic pressure varied from 2.80 to 1.37 psia as 
Mach number varied from 1.5 to 4.5, respectively. 


The moment reference location for all configurations was the nose- 
body juncture of the model as shown in Figure 4. Sign conventions are 
shown in Figure 9. 


The variation of nominal Reynolds number with Mach number is shown in 
Figure 10 for the PWI/1T and VKF/A test facilities. The difference in the 
test Reynolds numbers between the transonic and supersonic test facility 
should be noted in the comparison of data results at M, = 1.5. The (1T) 


test facility does not have a variable density capability. The unit 
Reynolds number used in the supersonic test phase was R/ft = 1.8 x 10% 


for all Mach numbers. 
2. Data Uncertainties (Transonic Test Phase) 


Data accuracy is affected by uncertainties in tunnel conditions and 
balance measurements. ‘The random measurement errors are used to provide 
a measure of the uncertainty in the data measurements. The systematic 
measurement crrors (bias) were assumed to be negligible for the transonic 
test phase. The table shown below provides the data uncertainties, assuming 
a 9S percent confidence level. The precision of setting and maintaining 
angle of attack is estimated to be +0.1 degree. The methods used to 
calculate the uncertainties are given in References 4 and 5S. 


a TITEL EOE TPR gene 


UNCERTAINTY + [(1T) TRANSONIC TEST PHASE] 


Measured Coefficient Value 


M AC, aC if, AC AC, “hy oa 
0.6 0.05 0.03 0.03 
0.8 0.02 0.02 0.02 
1.0 0.02 0.02 0.02 
1.2 0.01 0.01 0.01 
1.5 0.01 0.01 0.01 


3. Data Uncertainties (Supersonic Test Phase) 


The general procedure used to calculate the data uncertainty is the 
same as that used in the transonic test phase. The precision of setting 
and maintaining angle of attack is estimated to be +0.1 degree. The data 
uncertainties shown in the tables below include both systematic measurement 
errors (bias) and random error measurements. ‘Two separate tables are 
provided for the two test entries which utilized two different internal 
six-component strain gage balances. 


UNCERTAINTY + [(A), PART NUMBERS 1 THROUGH 247] 


Measured Coefficient Value 


1.5 0.020 0.016 0.080 0.010 0.049 0.003 0.006 0.020 
2.0 0.020 0.016 0.083 06.010 06.051 0.003 0.007 0.014 
3 0.021 0.020 0.101 0.012 0.061 0.003 0.008 0.010 

0.020 0.028 0.140 0.017 0.085 0.005 0.011 0.012 
4.5 0.018 0.032 0.068 0.019 0.044 0.005 0.013 0.014 


UNCERTAINTY + [(A), PART NUMBERS 248 THROUGH 338] 


Measured Coefficient Value 


M, aM, AC ACG ACA, hy AC, 
1.5 0.020 0.013 0.064 0.013 0.064 0.003 0.010 0.021 
2.0 0,020 0.016 0.066 0.013 0.066 0.003 0.010 0.016 
3.01 0.021 0.016 0.064 0.016 0.064 0.003 0.012 0.014 
4.00 0.020 0.022 0.088 0.022 0.088 0.005 0.016 0.017 


4. Part Numbers for Specific Configurations in Tabulated Data 


Tabulation data for the transonic and supersonic test phases are 
listed in Appendices A and B. Table 2 may be used to determine the part 
number for a specific configuration and Mach number. The part numbers are 
listed consecutively in the appendices for each test phase. Each part in- 
cludes a sequence of angles of attack at a given Mach number. 


TABLE 2. PART NUMBER SUMMARY FOR TRANSONIC AND SUPERSONIC TEST PHASES 


Nose Midsect ton/ 
Configuration Atterbody 


t7 ALT 
M7 ALT 
M7 Al? 
M7 Al? 


25 


8 
10 M9 ALT 
13 MO Al? 


MIE AIT 
Mil Al7 
Mil Al7 
Mil Al? 


MIE AI7 
Mii Al? 
Mii Al? 
Mil AL? 
Mii Al? 


M1 Al? 
MIL Al? 
Mil Al? 


Mil Al? 
Mii AL? 
MLL AIT 


Note: 
3. The Reynolds number used in the 
supersonic test ‘phase (A) was 


Re/Pt = §.8 x 10° with the following 


2. Roll attitude = 180 degrees 


309/110 57 
42 
100 
506, 
3u7 
SOR 


62/308 41S = 180/333 219/334 
116 132 220 
147 235 
330 335 
331 336 
332 337 


299/300 
301 
302 


rere sere oe 


SECTION IV 


DATA 


1. Tabulated Data 


The appendices include tabulated force and moment data for all nose- 
cylinder body alone configurations used in the transonic and supersonic 
test phases. Due to the extensive data included in this report, data plots 
are not included for all configurations. Plotted data for the transonic 
test phase are included in Reference 7. All of the tabulated data in both 
appendices are shown for nominal zero roll angle and zero sideslip angle 
unless noted otherwise. 


2. Transonic Data 


All transonic data obtained in the (1T) test facility are included in 
Appendix A. The transonic data includes only 2-, 3-, and 4-caliber tangent 
Ogive noses (N14 through N25) on midsections (MS and M9). All configu- 
raticns included the one-caliber afterbody (Al7). 


For increasing nose bluffness, the center of pressure is moved down- 
stream on the model and the forebody axial force coefficient is also in- 
creased. The effect of increasing nose fineness ratio is to move the center 
of pressure upstream and also to decrease the forebody axial force co- 
efficient at Mach numbers 1.0, 1.2, and 1.5, with minimal effect at Mach 
numbers of 0.6 and 0.8. Increasing body midsection fineness ratio from 5 
to 9 does not significantly affect Cy for Mach numbers of 0.6 to 1.5, but 


does increase the forebody axial force coefficient. 
3. Supersonic Data 


The major portion of the supersonic data was also obtained for the 
2-, 3-, and 4-caliber tangent noses and midsection including 5-, 7-, 9-, 
and 1l-caliber lengths; in all cases the l-caliber afterbody was included. 
In addition, the supersonic test phase includes data at selected test con- 
ditions for a hemisphere nose (N10), 2.25-caliber tangent ogive noses 
(Ry/Rp = 0.00, 0.375, 0.575), 2.5-caliber tangent ogive nose (N28), and 
two 2.25-caliber power series noses (N30 and N31). Table 3 provides a 
summary of forebody axial force coefficent, normal force coefficient slope, 
and pitching moment coefficient slope for all configurations. Plotted 
data for the forebody axial force coefficients, normal force coefficient 
slope, pitching moment coefficient slope, and center of pressure are shown 
in Figures 11 through 26 for the 2-, 3-, and 4-caliber noses on a 9-caliber 
midsection and l-caliber afterbody. 
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Comparisons of the 2-, 3-, and 4-caliber nose at supersonic Mach 
numbers in Figure 1] show that the effect of bluntness on drag is more pro- 
nounced with increasing supersonic Mach numbers. 


The variation in forebody axial force coefficient with nose bluffness 
ratio is shown in Figure 12. The pronounced increase in Ca, for bluffness 
ratios > 0.5 is apparent for a given supersonic Mach number. 


Figure 13 shows the variation in forebody axial force coefficient 
with nose fineness ratio. Car penerally decreases with increasing super- 
sonic Mach numbers and increasing midsection length increases Cap as shown 
in Figure 14. 


The variation in the normal force slope with Mach number is shown in 
Figure 15 for various noses. The effect of nose bluntness on Cy is more 


pronounced with increasing supersonic Mach numbers. 


The variation in the normal force slope with nose bluffness ratio is 
shown in Figure 16 for various noses. For a given supersonic Mach number, 
Cy generally decreases with increasing nose bluffness. 

Q 


The variaticn in the normal force slope with nose fineness ratio is 
shown in Figure 17 for various noses. For a given superso.ic Mach number, 
Cy generally decreases slightly with increases in nose fineness ratio. 

a 


An increase in midsection length increases Cy as shown in Figure 18. 
“a 


The variation in the pitching moment slope with Mach number is shown 
in Figure 19 for various noses. Aft movement of the center of pressure 
past the nose cylinder juncture is apparent. Coy generally decreases with 


increasing nose bluffness ratios as shown in Figure 20. 


The variation in pitching moment slope with nose fineness ratio is 
shown in Figure 21. C, increases with increasing nose fineness ratio. 
6 a 
An increase in midsection length decreases C, as shown in Figure 22. 
7 


The variation in normal force coefficient with angle of attack for a 
3-caliber pointed tangent ogive cylinder and hemisphere tangent ogive 
cylinder (Ry/Rp = 0.75) is shown in Figure 23(a). The effect of nose 
bluntness over angle of attack range of -6 to 14 degrees is small for a 
Mach number of 1.5, but a reduction in normal force coefficient is evident 
for M, = 4.0. A comparison of 2- and 4-caliber noses at a given angle of 
attack shows a lower Cy value for the higher fineness ratio nose as shown 
in Figure 23(b). 


The variation in pitching moment with angle of attack for a 4-caliber 
pointed tangent ogive cylinder and hemisphere tangent ogive cylinder 
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(Ry/Rp = U.75) is shown in Figure 24(a). The abrupt change in the pitching 
moment curve at a 4° is believed to be associated with flow separation on 
the cylinder. Schlieren photographs generally indicated flow separation 
for a > 5°. The effect of increasing nose bluffness results in more nega- 
tive pitching moment coefficient as angle of attack is increased. This 
latter effect is more pronounced with increasing supersonic Mach numbers. 
Given an increase in nose fineness ratio, C, is increased for a given o 

as shown in Figure 24(b). 


The variation in center of pressure with angle of attack for a 
3-caliber pointed tangent ogive cylinder and hemisphere-ogive cylinder 
(Ry/Rp = 0.75) is shown in Figure 25(a). The center of pressure moves 
further downstream at a given angle of attack for the bluff configuration. 
This latter effect is more pronounced with increasing supersonic Mach 
numbers. With increasing nose fineness ratio, the center of pressure moves 
further upstream as shown in Figure 25(b). 


The variation of forebody axial force coefficient with Mach number is 
shown in Figure 26 for a series of 2.25-caliber noses. Data includes two 
hemisphere-tangent ogives and two power series noses. C,_ for the power 
series nose (N30) is less than the Cy, for the pointed tangent ogive 
nose (N26). 


4, Supersonic Laminar Skin Friction Calculations and Nose Wave Drag 


Test Reynolds numbers were selected to retain a laminar boundary layer 
over full body length at supersonic Mach numbers. Theoretical skin friction 
coefficients were calculated by VKF personnel and are given in Table 4 
for various body lengths, nose bluntness, and nose lengths. Calculated 
model wetted areas are used in the calculations in Table 5. The method 
used for the skin friction calculations was based on reference by Patankar 
and Spaiding as modified by Mayne and Dyer (References 9 and 10). A com- 
parison of Cay: determined from experimental and typical handbook methods 


such as the USAF Stability and Control Datcom is shown in Figure 27 
(Reference 11). The nose pressure drag coefficient was calculated by sub- 


tracting the calculated laminar skin friction drag coefficient from the 
measured forebody axial force coefficient. It should be noted that a fully 
laminar Boundary layer was assumed over the full mode) length for these 
calculations and transition was not indicated from the Schlieren photo- 
graphs or drag measurements. The agreement between the data and the Datcom 
method improves with increasing Mach number and nose fineness ratio. 
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TABLE 5. WETTED AREA, Sy 


Body Fineness Ratio (BPR) 


31.607 38.453 47.501 
30.587 39.635 48 .683 


51.494 
51.440 
51.225 
50.635 


Nose 
Caliber 


45.389 
45.270 
44.818 


66.463 
66.274 
65.559 
63.841 


61.103 
61.199 
61.986 


* Total Wetted Area, IN2 


SECTION V 


RECOMMENDATIONS FOR FUTURE TASKS 


1. Assess the methodologies described in References 12 and 13 as predictive 
techniques for the static aerodynamic characteristics of bluff body alone 
configurations. The data matrix in this report should be useful in as- 
sessing these methods. 


2. Determine the Reynolds number effects on the drag and static stability 
characteristics for selected nose configurations on the 5~- and 9-caliber 
midsection with Reynolds numbers ranging up to 20 x 10°/ft for the existing 
model sizes and selected larger models similar to that in Reference 5. 


3. Measure pressure distributions on selected nose configurations using 
the larger model scale noted above and the 5-caliber midsection at selected 
Reynolds numbers to determine CAp and utilize oil flow techniques to locate 


separation and heating rate measurements to locate transition. 


4. Obtain additional data for nose bluffness ratio variations of 
Ry/Ry = 0.00 to 0.20 to define the degree of bluffness which will result in 


a minimum forebody pressure axial force (C,_) for the 2.3- and 4-caliber 


noses. Also obtain force and moment data for l-caliber tangent ogive 
family with bluffness ratios of 0.25, 0.50, and 0.75. 
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Typical (1T) Model Installation 


Figure 1. 
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R(Typical) 


]e— ACtypical) 


i 


D(Typical) 2-Cal iber 


| Tangent Ogives 


Ry (Typical) 


N16 


N14 


3-Caliber 
Tangent Ogives 


4-Caliber 
Tangent Ogives 


N22 


N2° ‘’ 

? ‘9 .25-Caliber 
Tangent Opives 

N26 

N10 
NIS . 1,00-Caliber 
Tangent Ogive, 
Hemisphere 
N28 


2.5-Caliber 
Tangent Ogive 
0 
N31 
Power Series 
Note: 
See Figure 4 for : 
Geometric Details. 


Figure 3. Nose Components and Nose Configurations 
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Nose Body 
Juncture 


Midsections 
7.2(M5,A17) 
9.6(M7 ,A17) 
12.0(M9,A17) 

14.4(M9,A17) 


Al7 Afterbody 


MODEL DIMENSTONAL DETATLS 


Nose 
Fineness 
Ratio Nose 
Ly/D Config R/R, Ry A R D., 
(Caliber) (in) (in) (in) (in) 
0.5 N1O 1.00 0.6 0.6 -- -- 
1 N13 0.00 0.00 1.20 1.5 2 
2 N14 0.00 0.00 2.40 5.1 bz2 
2 N15 0.25 0.15 2.06 5.1 73 
2 N16 0.50 0.30 1.67 5.1 1.2 
2 N17 0.75 0.45 1.17 5.1 Wy 
3 N18 0.00 0.00 3.60 11.1 le2 
3 N19 0.25 0.15 3.10 11.1 MN s.2 
3 N20 0.50 0.30 2553 11.1 Lied 
3 N21 0.75 0.45 1.78 11.1 1.2 
4 N22 0.00 0.00 4.80 19.5 1.2 
4 N23 0.25 0.15 4.15 19.5 1,2 
4 N24 0.50 0.30 3.38 19.5 1.2 
4 N25 0.75 0.45 2.38 19.5 4 
2. 25 N26 0.00 0,00 2.70 6.375 1 
2.225 N27 0.575 0,345 1.735 6.375 | 4 
202d N29 0.375 0.225 2.115 6.375 1,2 
2.50 N28 0.00 0,00 3.00 7.8 L<2 
2.38 N30 Loca) Radius Y = (x/2.7)9°5 ~~ “= 
2.25 N31 Local Radius Y = (x/2.7)9-33 ~~ se 
Note: 
1. Moment reference location at 
the nose cylinder juncture 
Z 
TD 
2. Reference Area = aa 
3. Reference Length = D 
4. All dimensions in inches 
Figure 4. Midsections, Afterbody, and Assembly of Model Components 
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(a) Mach Number Variation on a 4-Caliber Nose (Ry/Rg = 0.75) on a 9-Caliber 
Midsection, Rc/Ft = 1.8 x 106 


Figure 8. Schliecen Photographs 
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(b) Mach Number Variation on a 4-Caliber Nose (Ry/Rp = 0.00) on a 9-Caliber 
Midsection, Re/Ft = 1.8 x 106 


Figure 8. Schlieren Photographs (Continued) 
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R /Ft = 1.14 x 10 B/PE = nT a Te? 
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(c) Reynoids Number Variation on 4-Caliber Nose (Ry/Rp = 0.00) 
on a 9-Caliber Midsection 


Figure 8. Schlieren Photographs (Concluded) 
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Figure 10. 


PWT/1T Test Facility 


VKF/A Test Fiscility 


Variation of Reynolds Nurber with Mach Number 
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Figure 11. 
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(a) 2-Caliber Noses 


Variation of Forehody Axial Force Coefficient with Mach Number 
for Various Noses on 9-Caliber Midsection 
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Ry/Rp 
0.9 
Ry/Rp 


© = 0.00 
4B =0.25 
0.8 0) =0.50 
O =0.75 
©O-=1.0 


(b) 3-Caliber Noses 


Variation of Forebody Axial Force Coefficient with Mach Number 


Figure 11. 
for Various Noses on 9-Caliber Midsection (Continued) 
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Figure 11. 
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Moo 
(c) 4Caliber Noses 


Variation of Forebody Axial Force Coefficient with Mach Number 
for Various Noses on 9-Caliber Midsection (Concluded) 
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Cc 
AF 
(a= 0°) 


0,2 04 0.6 0.8 1,0 | 
Ry/ Rg f 


(a) M,, = 1.5 


Figure 12. Variation of Forebody Axial Force Coefficient with Nose Bluffness 
Ratio for Various Noses on 9-Caliber Midsection 
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Ry/Rp 


(b) M.. = 2 


Figure 12. Variation of Forebody Axial Ferce Coefficient with Nose Bluffness 
Ratio for Various Noses on 9-Caliber Midsection (Continued) 
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0.9 0 =2 
O=3 
O=4 

0.8 

0.7 

0.6 


(a= 0°) 


0.6 0.8 1.0 
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(c) M,, = 3 


Figure 12, Variation of Forebody Axial Force Coefficient with Nose Bluffness 
Ratio for Various Noses on 9-Caliber Midsection (Continued) 
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4& =3 
OD =4 

0.8 

0.7 


0 0.2 0.4 0.6 0.8 1.0 
Ry/Ry 
(d) M,, = 4 


Figure 12. Variation of Forebody Axial Force Coefficient with Nose Bluffness 
Ratio for Various Noses on 9-Caliber Midsection (Concluded) 
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QO =0.25 
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2) 
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Figure 13. Variation of Forebody Axial Force Coefficient with Nose Fineness 


Ratio for Various Noses on 9-Caliber Midsection 
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O =0.00 
0.8 4 =0.25 
QO = 0.50 
©=0.75 
0.7 
0.6 


wae 
0.5 


Cae 
(a= 0°) 

0.4 
i 0.3 

0.50 
0.2 

0.25 

i 0.00 
0.1 

0 | 2 3 4 
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Figu.e 13. Variation of Forebody Axial Force Coefficient with Nose Fineness 
Ratio for Various Noses on 9-Caliber Midsection (Continued) 
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O =0.00 
& =0.25 
OD =0.50 
O =0.75 


0.50 


0.25 


0.00 


Ly/D 
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Variation of Forebody Axial Force Coefficient with Nose Fineness 
‘ion (Continued) 


Figure 13. 
Ratio for Various Noses on 9-Caliber Midse 
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Figure 13. Variation of Forebody Axial Force Coefficient with Nose Fineness 
Ratio for Various Noses on 9-Caliber Midsection (Concluded) 
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Figure 14. Variation of Forebody Axial Force Coefficient with Body 
Midsection Length for Various Noses on 9-Caliber Midsection 
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Figure 15. Variation of Normal Force Coefficient Slope with Mach Number 
for Various Noses on 9-Caliber Midsection 
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Figure 16. 


0.25 0.50 0.75 1.00 
Ry/Rp 


Variation of Normal Force Coefficient Slope with Nose Bluffness 
Ratio for Various Noses on 9-Caliber Midsection 
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Figure 17. Variation of Normal Force Coefficient Slope with Nose Fineness 
Ratio for Various Noses on 9-Caliber Midsection 
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Figure 18. 
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Variation of Normal Force Coefficient Slope with Midsection 
Length for Various Noses on 9-Caliber Midsection 
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Figure 19, Variation of Pitching Moment Coefficient Slope with 
Mach Number for Various Noses on 9-Caliber Midsection 
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Figure 20. Variation of Pitching Moment Coefficient Slope with Nose 
Bluffness Ratio for Various Noses on 9-Caliber Midsection 
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Figure 21. Variation of Pitching Moment Coefficient Slope with Nose Fineness 
Ratio for Various Noses on 9-Caliber Midsection 
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Figure 22. 
Length for Various Noses on 9-Caliber Midsection 
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Figure 22. Variation of Pitching Moment Coefficient Slope with Midsection 
Length for Various Noses on 9-Caliber Midsection (Concluded) 
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Figure 23, Variation of Normal Force Coefficient with Angle of Attack 
for 2- and 4-Caliber Noses on 9-Caliber Midsection 
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Variation of Pitching Moment Coefficient with Angle of Attack 
for 2- and 4-Caliber Noses on 9-Caliber Midsection 
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Figure 24. Variation of Pitching Moment Coefficient with Angle of Attack 
for 2- and 4-Caliber Noses on 9-Caliber Midsection (Concluded) 
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Figure 25. Variation of Center of Pressure with Angle of Attack for 2- 
and 4-Caliber Noses on 9-Caliber Midsection 
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Figure 25. Variation of Center of Pressure with Angle of Attack for 2- 
and 4-Caliber Noses on 9-Caliber Midsection (Concluded) 
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Figure 26. Variation of Forebody Axial Force Coefficient with Mach Number 
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(1T) Transonic Tabulated Data 
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(A) Supersonic Tabulated Data 
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